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PLANS AND SUMMARY TABLES 
OF THE EXPERIMENTS AT THE CENTRAL FARM, WOOSTER, 
ON THE 
MAINTENANCE OF SOIL FERTILITY 
ARRANGED FOR REFERENCE IN THE FIELD 
ANNOUNCEMENT 
The experiments reported in the following pages were begun in 1893, 
immediately after the removal of the Experiment Station to Wayne county. 
The general plan of this work and the results obtained up to that time a.n 
published in Bulletin 110, issued in December, 1899, (now out of print) and again 
in Bulletins 182, 183, and 184, reporting to the end of 1906. It now seems 
desirable to follow these general publications with an annual statement, giving 
a.s briefly as possible the new data obtained from each successive crop, and 
referring the reader to Bulletins 182 and 183 for more complete information 
respecting the nature of the soils under experiment and the general plan of thE 
work, and to Bulletin 184 for the statistics of crop yields for the years 1894 to 
1906, inclusive. 
The results for 1907 are given in Circular No. 83, those for 1908 in Circular 
L~v. 9l, those tor 1';1W in Circular No. 104, and those for 1910 in Circular No. 114. 
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THE .MAINTENANCE OF SOIL FERTILITY 
FERTILIZERS AND MANURE ON CROPS GROWN CONTINUOUSLY OM 
THE SAME LAND 
Wheat, oats and corn, one acre (lu plots) each, have been grown in this 
experiment since 1894. The fertilizers are applied to Plots 2 and 8 in arbitrary 
quantities, while on Plots 3 and 9 the three fertilizing elements, nitrogen, 
phosphorus and potassium, are given in approximately the same ratio to each 
other in which they are found in the plant. 
The applications to Plots 2 and 8 have in every case produced larger 
average yields than those to Plots 3 and 9, but this may in part be accounted 
for by the combined nitrogen which is carried to the soil in rain, thus enabling 
the crops grown on 2 and 8 to utilize larger quantities of the phosphorus and 
potassium given in the fertilizer than that required merely to balance the 
fertilizer nitrogen. 
The manure applications on Plots 5 and 6 were intended to carry nitrogen 
in quantities equivalent to the applications on Plots 2 and 3 on the one hand 
and 8 and 9 on the other, estimating the manure to carry 10 pounds of nitrogen 
per ton, but actual analyses of manure made during recent years indicate that 
this estimate was too high for open yard manure, such as is used in these tests. 
The average application of phosphorus and potassium in the manure closely 
approximates the average given to the four fei-tilized plots. 
In this test the corn and wheat show a rapid falling off in yield on the 
unfertilized land during recent years. The oats also show a reduction in yield, 
but not so great as that of the other crops. 
It is much more difficult to control the weed growth in the wheat and oats 
grown continuously than where the same crops are grown in rotation, and it 
was necessary a few years ago to divide these tracts and fallow the two ends in 
alternate seasons in order to destroy the weeds. Latterly the entire plots have 
been cropped again. 
Diagram I shows the arrangement of plots and plan of fertilizing in this 
experiment, and the general outcome is shown in Tables I and II, which give 
the yields by periods. 
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DIAGRAM !: PLAN OF FERTILIZING IN CONTINUOUS CULTURE 
PLOTS OSE·TESTH ACRE 
Fertilizing materials in pounds per acre 
1 ::.one 
2 Acid phos., 160; muriate potash, 100; nitrate soda, 120; dried blood, 50< 
3 Acid phos.~ 45; muriate potash, 31): nitrate soda, 120; dned blood, 50 1 I 
4 None I 
-
5 Yard manure, 23f tons I 
I 
6 Yard manure, 5 tons 
I 7 None 
8 Acid phos., 160; muriate potash, 100; nitrate of soda, 2SO; dried blood, 50 * I 
9 Acid phos., 90; muriate potash, 60; nitrate of soda, 280: dried blood, 50'"* 
I 10 None 
1 None 
2 Acid phos,, 160; muriate potash, 100; nitrate soda, 160 
3 Acid phos., 55; muriate potash, 5U; nitrate soda, 160 
·-
4 None 
5 Yard manure, 2~~ tons 
6 Yard manure, 5 tons 
7 None 
8 Acid phos., 160; muriate potash, 100; nitrate soda, 320 
9 Acid phos., 110; muriate potash, 100; nitrate soda, 320 
10 None 
1 None I 
2 Acid phos., 160; muriate potash, 100; nitrate soda, 160 
3 Acid phos., 60; muriate potash, 30; nitrate soda, 160 
4 None 
5 Yard manure, 2)1 tons 
6 Yard manure, 5 tons I 
7 None 
' 
8 Acid phos., 160; muriate potash, 100; nitrate soda, 320 I 
9 .Acid phos., 120; muriate potash, 60; nitrate soda, 320 I 
10 None I 
(South) 
"120 pounds nitrate of soda plus 150 pounds dried blood is equivalent to 160 pounds nitrate of soda. 
**280 pounds nitrate of soda plus 50 pounds dried blood is equivalent to 320 pounds nitrate of soda. 
TABLE I: CROPS GROWN IN CONTINUOUS CULTURE. Yield and increase for 1911 and average annual yield for 18 years 1894-1911 
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1!111 I :8 Y<'an, 1Hft-l-ltlll 
Plot Fertilizing ntaterials Yield Incroa~o YiP~~t ltll'tt•a'"'t! Ph'· 
Pounds pPr aero - Gra~:- -~--~~~::~~-~--Grain \ f;tover I ~~a in -~ Rtov:--· I ~~~~:~-- ~--~~~vt>r- 1 l'o 
llus. or htraw Du~. I or H1 r.nv Bu'_, I or f.!traw llus. or F-tr.nv 
Lh"'~ Lhs. Ll,~. I~l, ..... 
No. 
--------------------------- ------- -- ---------------- ---------------
1 None ....................................................... .. 
2 Acid phosnhate,160; muriate potash, 100; nitrate so<la,lflO. oo 
3 4 If. 60; '' '' 30; H- '' 160. •• 
4 Nne ........................................................ .. 
5 Yard manure, 21i tons....................... . .. .. .. .. . . .. 
6 ,, l\ 5 '' ........ ······ ....................... . 
7 None. ......................................................... . 
8 Acid phosnhate, 160; muriate potash, 100; nitrate soda, 320 .• 
9 U IC' 120; '' H 60; " ~f 320 .. 
10 None. ...................................................... .. 
Average unfertilized yield .......... . 
22.11 
46.96 
35.04 
9.50 
27.58 
40.29 
9.25 
55.61 
49 28 
6.57 
11.86 
Corn 
-------------------------
1 680 
2'f>40 
2'280 
1'500 
2'220 
z'BRo 
1'590 
2'920 
2's5r 
1)00 
1,48Z 
29:o5 
21.34 
jt:i6 
30.96 
47:25 
41.82 
..... 
-----
····· 
I 
i'o:!O 
'720 I 
690 I 
1,~:ID 
i' ;~3 
d47 
..... 
----
..... 
21.50 1 4·13 
41.99 z'a:m 
3:UJO 1'950 
16.23 1'249 
27.91 (77<1 
37.Rl Hit 11\ 03 
46.93 2',110 
44.30 2'270 
12 00 1:oao 
16.21 1,251 1-
22 25 
15 91 
i2:ii 
2'J.37 
:i2:ffi 
31.25 
"952 
m6 
"538 
921 
(257 
1,175 
1 
2 
a 
4 
0 
(i 
7 
8 
H 
10 
~ 
:X: 
t?:l 
.,. 
H 
.... 
H 
z: 
1-3 
t?:l 
z: 
Oats 
----~- ~ 
1 None ............................................... . 
2 Acid phosphate, 160; muriate potash, lOG'; nitrate so 
3 '" H 65; '' '' 50; " 
4 Nmm ........................................... .. 
:i~; ·iuo:: 
160 .. 
......... 
6 Yard manure, 2}JI tons ............................ . ......... 
6 ,, '' 5 " .................... ······ .. 
········· 7 None ......................................... ,. .. . 
8 Acid phosphate, :i60; muriate potash, lOU; I 't -•te •· 9 ~' U }10; H H 100, 
10 None ............................... . 
:i~:·a:io:· 
" 320 0 
......... 
Average unfertilized yield ................. . .... 
l ~~id' ph~;.: 'iri(i:. ~~;_.: ·~~~~;,idooi ;,ii: ~~d~; 12u; d~i;;.i i>-1~, 5o! 
3 H U 45; U H 30: H H 120; h H 501 
4 None ...................................................... ' 
5 Yard manure, 2H tons ............ oo .. oo ................ -
6 '' " 5 ,, ...................................... . 
7 None .................................................. . 
il Acid phos., 160: mur. potash, 100: nit. soda, 280; dried blood, 50 9 1 ' ~~ 90: ., H 60; U h 280; H H 50 
10 None ............ 00 ....................... oo ................ .. 
----------
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7.79 
l!l 97 
15 7a 
8.26 
14 00 
1!L24 
8 18 
22 99 
20.84 
7.29 
771 Ullig 
1tKk1 
1 230 
1:771 
9Hl 
2 452 
2':!22 
'967 
896 
1,091 
2,539 
1
·Wi§ 
1, 745 
2268 
1'008 
2'935 
2'499 
'873 
iiJ' 62 
15.40 
'7:62 
14.70 
2idl9 
2I.a9 
..... 
····· 
i2:o2 
7.63 
'5'77 
10.03 
iil:ii 
13.26 
-----~··-
i;o8a 
805 
"333 
812 
i'4~iJ 
1:35H 
····· 
..... 
i;.t85 
875 
75tl 
1,270 
i:97i 
1,5Sl 
---1 1----1---1----·----
2.29 412 A veragc unfertilized yield .. .. · · .......... · · ... · · · · · · · · .. 1 1 ~-·--·- ··---- -· 7.88 947 
1 
2 
3 
·1 
li 
6 
7 
8 
9 
10 
1 
2 
3 
4 
5 
It 
7 
l 
tr 
lll 
The unfertilized yield on Plot 1 in the com test is regularly higher than on the similarly treated plots, 4, 7 and 10. The difference this year is somewhat larger than 
usual, and the average yields on all the corn plots are higher than the average lor the previous 5-year period. Tha oats crop, however, shows lower yields. due to unfa vor-
,.ble .... asonal conditions. The wheat crop of 1911 suffered from a combined attack of Hessian fly and joint worm. 
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TABLE II: CROPS GROWN IN CONTINUOUS CULTURE. Average annual yield and increase per acre by '5-year pel'iods 
:=:>==;======================= -.. c=-=-=cc:: .. =:· -==:= .=--=====-==:-=------
1------------------~------------------~-------------------l Stove __ r_o_r_s_·t_r_Jw----~--------------Plot 1894-1898 I 1899-1903 _ __ _ ______ _ 
No., Yield I Increase Yield I Increase I Yield !Increase ! Yield I Incrcabe I Yield I IncreabC I Yield llncrc,IbC 
Bus. Bus. l .Bus. Bus. Bus. Bus. Ll". Lbs. Lhs. Lbo. -----~~11;_: ________ _=-~~---
Grain 
19M-1008 18<J9-1903 1D0!-190R 1894-1898 Plot 
No. 
Corn 
----------
1 29.19 21.85 27:ti3 17.09 24:68 1,449 • '63o H~~ i;oi:i H~z i;394 1 2 44.61 15.03 47.21 38.50 Hf8 2 3 38.86 9.88 39.09 20.69 28.00 16.25 330 1'820 671 2)38 848 3 
4 28.86 
·s:fis 16.81 :i2: 75 9.09 i4:7ii 1'436 "278 1)06 "497 H~ "773 4 5 36.44 '29.21 23.77 1:670 l:m 5 6 43.13 16.49 40.11 24.01 34.62 25.66 1 938 600 851 2:404 1,195 6 7 26.03 2o:2B 15.74 37:85 8.88 ss:4i 1:304 "749 i'358 H~ i:4i5 7 8 44.43 62.65 44.55 2,008 2'376 8 
9 42.76 19.96 00.13 36.45 41.73 34.34 1,870 655 2'2-12 1:256 ..;'458 1,383 9 
10 21.44 ..... 12.66 ..... 6.64 . ..... 1,170 . .... '934 ..... '996 . .... 10 
26.26 ...... 16.76 ..... 10.43 ..... 1,339 ..... 1,083 . .... 1 231 ..... 
Oats 
1 26.87 i4:75 16.75 22:39 20.40 24:59 892 "749 578 i;~ 865 i'279 1 2 42.22 40.11 45.46 H~b 1,701 i:! 2 3 38.75 10.67 36.47 17.78 40.79 19.46 4.67 1463 1;oa7 3 4. 28.67 
'2:46 19.66 '8:i3 21.80 i2:98 1'059 '::.5o 697 "283 .. ii7o 4 li 30.83 28.51 35.03 1:021 1 030 ~·~!m 5 6 34.81 6.63 36.76 15.67 44.10 21.83 1266 173 1:516 720 1,297 6 
7 27.94 20:37 21.82 26:5i 22.55 25:i7 1:uo "97i 846 i;193 '974 i;7i2 7 8 48.75 48.87 47.89 2,086 ~·Uf ~· grg 8 9 46.94 18.10 47.36 24.46 45.61 22.80 1,982 862 1,078 1,601 9 
10 29 28 ..... 2'&.43 ..... 22.98 
····· 
1,125 ..... 856 
····· 
'936 ..... 10 
-
- ~ 
28.19 r ..... 
-
20.41 . ... 21.93 ..... 1,046 ... 744 
····· 
905 . .... 
Wheat 
-
1 10.56 
'9:32 7.86 ia:73 5.95 ii:2i 1,334 "967 926 i;489 1,038 t~ 1 2 19.78 21.90 17.41 2,205 Hi~ 2,701 2 3 16.83 5-97 16.90 8.42 13.31 6.87 1,720 579 709 2,~t.~ 3 4 10.26 
"ida 8.78 '5:28 6.68 'o:74 1,044 "4ao '940 • 'Mil "982 4 5 13.28 14.26 12.23 1,475 1,498 H~~ fi 6 15.77 5.72 18.46 9.28 17.48 11.18 1,743 698 2
·8M 1,057 1,663 2 7 9.95 io:m 9.38 i6:47 6.11 i4:80 1,045 i'463 i'sio 1:025 2'239 I 8 20.69 25.26 20.88 2,510 2,724 3,208 8 
9 19.01 9.83 22.45 14.25 19.12 13.10 2,159 1;no z.§~A 1:323 2,846 1:933 9 10 9.55 ..... 7.62 
····· 
6.00 ..... 1,051 ..... ..... 858 ~. ~ .. 10 
-
------- ----,--~- ---·-~ --
10.08 
····· 
8.41 ..... 6.19 ..... 1119 ..... 909 ..... 973 ..... 
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THE 5-YEAR ROTATION 
In this experiment corn, oats, wheat, clover and timothy are grown in 
succession on five tracts of land, sections A, B, C, D and E, containing 30 one-
tenth acre plots each. Sections A a.nd B of this test lie in Range VIII, south o:f 
the areas devoted to continuous cropping, while sections C, D a.nd E occupy 
Range IX, near the east side of the farm. 
The land was underdrained in 1893 and corn was grown that season on 
section C. The planting was delayed by the draining and the season proved 
unfa>orable, so that the results of that season's work have not been included in 
the average. In 1894 wheat was harvested on section A, oats on section C and 
corn on section D. The clover and timothy followed the wheat on section A in 
1895 and 1896, and the rotation has since been regularly followed. 
Beginning with 1900, lime was applied to the west half of each plot in this 
rotation, fertilized and unfertilized alike, while the land was being prepared for 
corn, the lime being applied at the rate of one ton per acre of ground quicklime 
in 1900, 1901, 1902 and 1903, applied in the spring after plowing, and in the fall 
of 1903 for the crop of 1904. In 1905 the liming was changed to the east half, a. 
ton of quicklime being used that spring, but in 1906 and 1907 ground limestone 
was used, at the rate of two tons per acre. No lime was applied in 1908, but 
since then it has been applied to the west half as at the beginning. The table 
gives the average yield for the entire plot in each case, averaging the limed a.nd 
unlimed halves. 
In 1895 and 1896, and again in 1899, 1900 and 1901 the wheat in this test was 
injured by Hessian fly, the yield on the unfertilized land falling to a small 
fraction over one bushel per acre in 1896 and 1900. The wheat was again 
injured by Hessian fly in 1911, and also by joint worm. 
The clover seeding failed to catch in 1904 and soybeans were grown instead 
and harvested as hay, the timothy crop of the following year being replaced by 
German millet. The timothy failed in 1909, as did the millet sown in its place, 
so that no crop of either was harvested that year. 
Diagram li shows the arrangement of plots and plan of fertilizing one of 
the sections in this experiment, the five sections being arranged and treated 
exactly alike. Tables III and IV give the yields per acre for 1910 and for the 
average of the 18 years, and Table V shows the general results by periods. 
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DIAGRAM H: PLAN OF FERTILIZING IN 5-YEAR ROTATION 
Plots one-te::>th acre-Fertilizing materials in pounds per acre r 
On com J On oats On wheat 
Acid I )!uri- ~~~itratel Acid ~. Muri-,Nitrate Acid I Muri-~ Dried ~Nitrate: Plot No. phos· ate of of phos-~ ate of of phos- ate of blood of 1 
phate , potash 1 soda phate potash soda phate potash soda : 
1 
2 flO 80 160 
3 so 80 100 
5 160 160 50 120 
6 80 160 80 160 160 50 120 
7 
8 80 80 80 80 160 100 
9 80 160 80 160 100 50 120 
10 
11 80 80 160 80 80 160 160 100 50 120 
12 80 80 240 80 80 240 160 100 50 200 
13 .... .... .... .... .... . ... .... . ... . ... . ... 
H so 80 160 ..... .... . ... 160 100 50 120 
15 .... . ... .... .... .... . ... 160 100 50 120 
16 .... .... .... . ... .... .... . ... . ... . ... . ... 
I 17 160 80 80 160 80 80 160 100 25 60 
18 Barnyard manure, 8 tons on corn and wheat 
19 .... .... .... .... .... .... . ... .... . ... . ... 
-
20 Barnyard manure, 4 tons on corn and wheat 
21 Same elements as 17, but nitrogen in oilmeal 
22 .... .... .... .... . ... .... . ... . ... . ... . ... 
23 Same elements as 17, but nitrogen in dried blood 
24 Same elements as 17, but nitrogen in sulphate ammonia 
25 
26 Same elements as 11, but phosphorus in bone meal 
27 Same elements as 11, but phosphorus in dissolved bone black"' 
28 
29 Same elements as 11, but phosphorus in basic slag 
30 Same elements as 17, but nitrogen in tanka~re 
*Previ,Qus to 1910. Sinaol910 nitrogen in nitrate of lime alld phcllpboru• in acid phosphate. 
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TABLE III: CROPS GROWN IN 5-YEAR ROTATION 
Yield and increase per per acre, 1911. Total fertilizing elements for one rotation 
j Fertilizingelements !I Corn !I Oats 1'! Wheat f)l Hay 
Plot 1 ·' 1 ' ' ~o. I ~~~o-~l ~~~~~.~~~~~~-~~Grain I Stover !:
1 
Grain II Straw~~ Grain I Strawll'IC!overl J;~-
1 Lbs. Lbs. Lbs. 1 Bus. j Lbs. i Bus. Lbs. J Bus. I Lbs. Lbs. Lbs. 
Yield per acre 
1 :1'. . ... I .. .. I .... !i 47.96 2,170 I) 15 39,, 497 
2 .... 1 20 ,II ,• 53 35 2,550 il 26.00 847 3 .... I .. .. lOS li 50.61 2,490 I 17.58 527 
01 ',: .. .. .. .. :1 35.89 1,980 H 22 525 
··76 .. .. ·,' 1· 44.35 2,220 I 18.75 670 6 I 76 I "2iJ I 66.07 2,590 1',32.6[) 1175 
7 1' .... 1 .. .. 1 :::: ,. 40.6~ 2,140 1 17.26 '557 
8 
.. 76 ' .. :? I i~~ 1,! 1,: bU~ ~·2~~ I ~~j~ 1 ·~~6 1I~~ 
1
1
1
1 .. 7.6. '11 .. 2.0. 
11 . 1.0.8. :: 40.89 z:o1o 1 13.59 455 
I
' il 76.36 2,980 )1 36.79 l,dl2 
112 I 20 1U8 : i 74.11 3,050 . ~7 03 1 285 
13 I Ill 42.57 2,030 I 12.50 '470 li4~ :1, "5o "i5 "74 7196 2,s9ol 26.33 817 
25 I 10 41 I· 2~jg H~~ i B ~5 ~~~ i~ -~~ 
1
1 ~g ·i~~ 11 +u~ n~~ I lUg 1 Hf~ 
19 I ·I 34A2 1'910 \' 18.52 '587 
20 "72 "24 "56 II 61.89 2:430 I 32.73 11,2342~ 
21 38 30 1os 1 68.25 2,12o · 37.96 v 
22 II 36.61 2,000 12.50 '460 
23 .. :iil .. so ·ios 74.o3 2,eoo 36.12 1,2so 
24 38 30 108 77.46 3,030 36.95 1.m 
~~ · 76 "2o ·ios ~u~ ~·~~ ~·5~ 997 
27 76 20 1108 68.96 2'690 35:78 1 275 
28 1 49.60 2:070 15.78 '465 
2e "76 \ 20 ·ios j 12.21 '2,790 34.76 1,211 
30 38 30 108 72.96 2,820 37.73 1,482 --~--1 
t\.verageunfertilizedsie!d ..... 1J 40.74\ 2,0411 14.54 488 
Increase per acre 
2 .... I 20 I 9.41 I 443 
I 11.00 341 I 
·ios I 3 "76 I ... I 
10.70 447 2.97 11 
5 I 
"2o .... 6.86 187 3.52 134 6 76 26.99 I 503 16.40 629 
8 
"76 20 'i68 30.43 I 703 17 26 684 9 
I 
lOS 15 00 387 4.88 181 
11 76 "2o 108 34.81 923 23.56 852 
12 112 20 108 32.10 1.~~ 24.44 820 J.1 i 50 15 74 31.08 13.65 353 15 25 10 41 10.06 347 5.02 79 
17 38 30 I 108 35.28 847 30 05 1 285 
18 144 48 I 112 43.94 1,~~ 25.25 1:195 20 72 24 I 56 26.74 16.22 697 21 38 30 108 32.37 750 23 45 823 23 3R 30 108 35 85 873 24.30 789 
24 
I 
38 30 108 37.71 977 25.40 816 
26 76 20 108 25.02 583 16 44 504 
27 76 20 108 2'2.12 623 21 07 826 
29 I 76 20 108 22.61 720 18.98 752 I I 30 I 38 30 108 23.36 750 21.95 1,017 
6.58 645 I 11,244 I 
I' 
12.58 1,215j 1,715 
4.96 442 I 1,092 
4.71 587 1,137 
5.46 I 4121 1 447 
17 87 1,597 I 2:186 
5.54 557 I 1 119 
14.37 1,2971 1:733 
9.93 790' 1,448 
6.62 6121, 1 190 
22.00 2,240 11:981 
22.67 2,240 11,927 
6.12 552 1 040 
19.08 1,905 1:688 
19.62 1,742 I 1,573 
5 62 472 1 004 
22 16 1,980 1:999 
27.75 2,425 3,155 
7.50 640 1,191 
20.33 1,650 2,595 
22.12 2,102 1,9'65 
7.25 675 1 182 
20.79 1,942 2)15 
18.12 1,632 2, t95 
7.29 702 1,439 
19.17 1,770 2,;;';'0 
14.50 1,120 2.488 
5.29 5.52 1 ,679 
18.45 1,482 I 2,915 
18.33 1,520 I s,no 
---- i--
6.25 599 J1,222 
6.62 589 507 
-.37 -164 -81 
.47 -165 316 
12.61 l,~~ 1,061 8.47 590 
3.07 196 282 
15.55 1 648 841 
16.38 1'66S 837 
13.~ 1'~ 660 1' 43 557 
lb1 l' 452 933 
20.88 1'841 2 026 
12.91 '998 1:407 
14.79 1,439 780 
13.53 1,~~~ 847 10.84 842 
12.55 1,M~ 1,~ 8.54 
13.16 930 1,236 
13.04 968 1,431 
N5~ 
3)28 
3,057 
H~~ 
3'182 
3:323 
~·~~ 
2'870 
z:se7 
N~ 
3)28 
3,208 
3,839 
4,879 
3,332 
4,106 
3,262 
3,110 
3,457 
3,795 
3598 
3)86 
H~ 
3)70 
3,981 
3,064 
166 
281 
-104 
-24 
239 
3~ 
151 
115 
98 
586 
1 592 
'848 
78 
184 
360 
-67 
-118 
107 
818 
Plat 
No. 
1 
2 
3 
{ 
5 
6 
7 
8 
5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
'.!7 
28 
29 
3l) 
2 
3 
5 
6 
8 
8 
11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 
27 
29 
31 
~04 OHIO EXPERI::YIENT STATION 
TABLE IV: CROPS GROWN IN 5-YEAR ROTATION 
Average annual yield and increase per acre for the 18 years, 1894-1911 
I Fertilizing ei~ments I Com j Oats i Wheat i Ha:r 
Plot x· I Ph 'I p I I I i I I I !' Tim-No. I " Itro- I h os- ~tas- 1 Grain Stover •1 Grain I Stra" 1 Grain I Straw I Clover l othY Plot No. I gen IP orus sJum L B 1 Lb· B Lb· Lb Lbs. Lbs. Lbs. I Bus. I bs. I us. I ~. I us. I s. ' s. Lbs. 
1 I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Yield per acre 
... II .. 
20 
.. . I 30.71 ! 1,673 l 31.82 1 325 I 10.61 ' 1,1341 2 01R I 2 899 I 1 
ios 34.60 1,e29 34.52 1,4ool 12.11 1,2ss 1 2:Sw : 2,982 , 3 I. 
37.sal 1,sn 4o.oo (665 I 18.691. 1,s7o 2'569 3)33 2 
'76 
76 
'76 
'76 
112 
'5o 
25 
'38 
144 
'72 
38 
'38 
38 
'76 
76 
-~I 
:·: ~-~g i·~ ~n~ u~r I IU~ U§~ 1 ~-~+ 1 ~-i~~ g 
20 1 .. . 44.61 (993 46.06 1,950 I 24.29 2,4951 3'150 i 3' 488 ' 6 
' 30 35 1 641 ' 31.00 1,266 I 10.871 1126 1'971 ! 2'691 1 7 2o II io8 44.09 2'177 42.96 1,945 I 19.91 1:894' 2'91H I 3:147 I 8 
.. 108 36 16 1'941 36 72 1,6'29 ( 13.70 11 463 I 2'346 I 3,021 I 9 
28.93 1'5~7 30.81 1,257 i 10.91 1:093 I 1'&97 I 2 612. 10 2il ioil 47.47 z:zs4 49.23 2,2o3 1 27 13 z.sm 'I 3;3~o 1 3:§o§ • 11 
20 108 47.89 2,298 4R 65 2,287, 27 82. 2,960 3,404 3,nla t 12 
is 
10 
30 
48 
24 
30 
30 
30 
2o 
20 
2o 
30 
'74 
41 
ios 
112 
'i;i; 
108 
ios 
108 
ios 
108 
ios 
108 
29.19 1,614 30.86 1,311 1 10 86 t 1,113 1 1,9H j ~-~,07 1 13 44.44 2,188 39 03 11,3368' 91 25.19 2,651 ! 2,9ti4 " - 14 
32.33 1,840 32.36 24.15 2,4921' 2,571 2:999 15 
27.09 1,613 29.26 1:210 9.72 957 1 7541 2 552 16 
44.12 2,260 48.24 2,310 22.92 2,326 s:oes s:329 17 ~ ~ I'f~g ~p~ H~ r5·M i-68! I H~~ N~ i~ 43:~1 z:l78 37'69 1:668 1s:34 1:s'ir '1 2'992 s'54I 20 
46.46 2,255 44 44 2,031 2'3.96 2,494 2:ezo 3'147 ' 21 
27.7'3 1&.'2 29.69 1,234 10 26 1,025 1,6~2 2'416 I 22 
46.58 2)64 47.22 2,098 22.82 2,291 2 H65 3:140 1! 23 47.03 2 288 48.47 2,313 23.33 2,3D6 3:011 3,098 I 24 
so.67 1'743 30.92 1 335 11.11 1,112 1,965 2,741 I 25 
45.47 2:304 46 37 2'034 2&.88 2,4o9 ~.4~8 3,707 26' 
47.31 2 313 48.82 2:239 26 20 2,679 3,111 3 526 27 
a2 58 1:800 32 49 1,338 10.94 21,~~ 2,o25 2:923 I 28 47.77 2,402 47 16 2,0.49 24.88 ,~a 3,301 3,8521 29 
47.72 2,261 44.54 1,972 24.6,1 2,218 3,347 3 819 30 
Average unfertilized yield 1 29.741 1,668 "3o.83 1,287 10.12 1,093 1,921 2,69sl--
Increase per acre 
I ' t 2651 2 ... 20 ios 7.48 208 8.54 356 7.95 740 I 5H41 2 3 
'76 .. 4.62 277 I 3.42 112 1.25 159 268 
145 3 
5 2il ... 4.79 181 3.96 147 
1.99 303 352 I 397 5 
6 76 ioil 1150 352 15.14 680 13.38 1,370 I 1-M~ 759 6 8 
'76 20 14.22 554 12.03 582 9.0:3 779 
473 8 
9 20 108 6.76 336 5.85 369 2.80 359 
424 363 9 
11 76 108 18.46 688 18.40 928 16.25 1,791 1,408 966 11 
12 112 20 108 18.78 693 17.82 994 16.95 1,803 1,478 875 12 
14 50 15 74 15.96 575 8.70 405 14.71 1,590 I 1,~~ 661 14 
15 25 10 41 7.61 261 3.57 163 14.05 1,483 ~~I 15 17 38 30 108 18.91 649 18.50 1070 12 88 1,323 I 1,2961 17 
18 144 48 112 22.96 824 11.85 m 1188 1,~§ 2,045' 1,466 18 20 72 24 56 14.11 480 733 391 7.80 H~ 953 20 21 38 30 108 17.79 575 17.01 879 13-56 1,446 645 21 
23 38 30 108 17.87 575 17 12 831 12.26 1,217 1 :o92 616 23 
24 38 30 108 17.34 572 17.96 1012 12.46 1,233 1,147 485 24 
26 76 20 lOR 14.16 541 14.93 697 12.78 1,321 1,519 901 26 
27 76 20 108 15.37 5.)2 16.85 902 15 18 1,575 1,110 664 27 
29 76 20 108 15 19 602 14.67 711 13.93 1,517 1,275 929 29 
30 38 30 108 15.14 461 12.05 828 11.69 1,148 1,321 897 30 
TABLE V. TOTAL FERTILIZING MATERIALS AND THEIR COST, AND TOTAL AND NH:T VALUE OF INCRI<:ASE 
PRODUCED FOR 5-YEAR PERIODS AND FOR 18 YEARS, ALL CALCULATE-D FOR ONE ROTATION OF 5 YEARS 
::;;_-___ :~::... __ ~:_----~···- ---··---- _::.::::._.__ -------,--...::.;. 
Net gain m· to ...... (--··) from Icrtilizerb C t . 1 I Average valne of total iuerea~e per 
Plot I C!s. o acre for each rotation fol' each rotation 1 Fertilizing materials in vounds per acre I fertllJZPrH --~::0~~~---:;l:<l _____ lR~;,:; I ~:t :~L~~~~!~ - First---;:~~-~~lirU ~~~:~::;-· ----·-·· No. for each rotation li'ir~t 
5-ycars 5-years fi...y0ars a,£~:~:~1° 5-years 5-years 5-:vear~ av:N~~~gc 
-------- ---- ----- ---- -··~----·· ------ ---·~-·~·-
2 Acid phoophate, 320 ............................................... $ 2 60 $ 8.50 $ 17.37 $ 24.32 $16 5;! $ 5.!10 $ H.77 $ 21.n $ 1:!.93 2 
3 Muriate potash, 260 ............................................... 6.50 5 19 4.67 9.17 fi.21 -l.:H - ·1.~3 2 H7 --(J.~fl 3 
5 Nitrate soda, 440: dried blood, 50 ............................ · ...... 14.40 4.70 10 47 9.30 H.aJ --9.70 --1.00 -5_37 -{LU[J 5 
6 Acid phosphate, 320; nitrate soda, 440; dried blood, 50 ............ 17 00 19.09 35.27 39.7il 30 04 2.09 18.27 22_ i5 13 0·.1 6 
8 Acid phosphate, 320: muriate potash, 260 ............. -........... 9.10 14.40 2·1.37 33.51 !l-1.48 5.30 l[j 27 24.ll 15.38 H 
9 Muriate potash, 2fiO: nitrate soda, 440; drie<l blood, 50 ..... -.-- .... 20.fl0 5 85 11.35 1a ~a 1!.08 -15 !15 -9.55 - {j {;7 ·--R ~'2 H 
11 Acid phos., 320: mur. potash, 260; nit. smla, 4<10; dried bl<X>d, 50 23-50 26.40 42 43 49.96 3!J.l4 2.llU lt·um 26.46 15 fi1 11 
12 " " 320; " " 200; " " 6BO: " " 50 3.1 70 26.Hi 45.53 48.24 o9.71 -l.M H H:1 17.31 UOl 1~ 
14 H H 210: " u 180; " H 2KO~ " tf 50 }(i.05 2L37 32.!Jl 37-33 30.59 5.32 15.&i 2l.~H J.!.5l 11 
15 It U 160; •• fi 100; ~( II 120; U H 50 R.fiO 13.8!1 2'2.86 27 .liJ 22.08 IUH H 26 !Hf>a 13.4H 15 
17 01 H 4_Mt)~ 11 H 260; li U 220, " H 25 17 uo 1/U·:I 3fi 61 46 28 H4 !12 -1.~6 1!1.01 2ti.q~ 17-32 17 
18 Yarcl n1anurc, 16 tons. . . . . . . . . . . . . ... . . . • . . . • . . . . . . . . ............. '/ 19 82 3•1 24 55.!11 :19.32 ? '( ? ., IS 
20 Yard IIlC:.lnure, 8 tons .......... : ................................. 'I 13.02 21 28 35.3U 25.34 '( ., ., ., ~ll 
21 17.fi0 20 .4:{ 36.25 42.~4 i13.49 2.H3 1H:65 24.fii 15·~!1 21 
23 
s'}:ne eleJ!,lents l}~ 17, b~!t nitr?gen !~1 oil.Tneal. ......•........•.... 
17, dned blood ................ l7Ji0 1!1.09 34.37 39_28 3l.S3 1.49 16.77 ~~ HH lcL2il 2~ 
24 " .. " 17, 
.. .. 
u sulpbate antmonia. •o •• 17 uo 20.70 32.77 3H.71 31.R3 310 14.77 21 ll 14_23 21 
26 " " H llt .. 23.50 20.8!) 3fl.l7 4~ 55 :!2_H6 -2.61 12_67 1!1 05 9.:ili :m 27 " " u 11, " 
phosphorus in bonemeal. ............... 
' '
4 dissolved in bone black* •. 23.50 19.86 39.88 42.08 3:i.7l -a.Gt 1fi.:1H ]H.5~ 10 21 27 
29 .. .. II 11, " " '"' basic slag ••... o ••••••••• o 23.50 21 91 3!J 32 3!1_01 a:J.56 -1.59 15.R2 15.5-t 10 Ofi 2H so " 
.. 
"17, " nitrogen in tanlragc •................... '"17.60 13.74 30.51 41.62 ii0.36 . ..... 12.90 2J 02 12.1u ao 
The nearest practica1>le approach to a cmntnon dmunninator for the various lrinds of produce grown in this rotation is their marln~t value, and in ']'a hie V t ht~ 
results of the test are arranged on this basis for three 5-year periods antl for the cutin~ 18 years, corn bciug- rated at 40 cellt-3 1wr bushel, oats at 30 cPnts. wlw·.tt at 
80 c.ents, hay at $8.00 per ton, stover at $3.00 and straw at $2.00; valuations tnnch below presunt J)rlceH for the grains, lmt not far from the average value~ during- the 
period of the test. · 
The fertilizing tnaterials are valued at a fraction over $16.00 per ton for acid phosphate, 2% cents per ponncl for muriate of r•otash an<l 3 cent.;; prr pound for 
nitrate of soda; and it is assun1cd that the co~t p\•r pound of the iertilizmg elements will be practically the. satne in the other carriers usecl on Plots 2l to 30. indnhiVl'. 
The table shows that tho effectiveness o£ tlle fertilizers U!Hl manure has increased with eat.~h succes!-live period. the greaic~t relative in..::rca~c beinv; ~hnwn l,y the 
manure. Taking the second part of the tahle, giving the net t,rain after deductmg· the cost of the fertilizer~, it will he heen that during· the fin-;t period chrht oft ht~ 
fertilizer applications failc~l to produ'.:e sufficient increase to cover their cost; during the second period three. and durin1.r the third 1wriotl two. !~very cotnplete 
fertilizer has been used with a profit since the first period, but when either Iiitrate of soda or muriate of potash han been used unaccompanied by some carri~.~r uf 
phosphorus there has been a loss in each period and in the average of the 18 Jrears. 
Nevertheless~ both nitrogen atHl potassium are cs.;;ential to t11e hh~·hest net profit, as sho,vn by com}mdng Plot 2, receiving phosphorus only, with Plot 8, 
receiving potassiun1 in addition, and Plot 11. receiving these with nitrogen. 
The results of the comparison of different carriers of nitrogen anll phosphoru~ have been discus~d in Circular No. 93~ 
*Previous to 1910. Since 1910 nitrogt~n in nitrate of lime and phosphorcs in acid phosphate. 
**Since first period. Smaller application <luring first period. 
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!06 OHIO EXPERDIE:NT STATION 
THE POTATOES~WHEAT~CLOVER ROTATION 
This experiment is located on the South Farm, southeast of the orchards, 
and contains three sections of 3-+ plots each. The sonth section (A) and about 
half of the middle section (B) had been in cultivation for an unknown period 
before the test began. The north part of section B and all of the north section 
(C) were cleared from the forest for the purposes of this test. The old land was 
tile drained in 1893, and the work was begun by planting section A to potatoes 
in 1894. Wheat and clover followed in 1895 and 1896 and the rotation has been 
maintained regularly sinc<'. 
The potato crops in this test have in some seasons been somewhat injured 
by blight, and in 1904 a dashing rain, coming just after the potatoes had been 
planted, washed much of the seed out of the ground. These difficulties have 
caused an irregular stand, and for this reason the attempt bas been made to 
correct the yields on the basis of the average stand obtained on the unfertilized 
plots, but this method has not proved satisfactory and hence the actual yields 
are given in the table. In 1909 the potatoes were reduced to about one-third the 
average crop by a combined attack of white grub and Fusarium wilt, the latter 
causing tJ:_e larger part of the injury. The crop was severely injured by wilt 
again in 1910 and considerably injured in 1911. 
In 1895 and 1896 the wheat in this test was severely injured by Hessian fly, 
but it escaped the attack of 1899 to 1901. In 1911 there was again some injury 
from fly and joint worm. 
In 1900 the clover failed; attempts were made to grow crimson clover and 
soybeans in its stead, but there was failure in securing a stand of these crops 
also, so that it has been necessary to omit that season from the calculations. 
In 1905 continuous rains prevented harvesting the clover until very late, and 
caused the fertilized plots to lodge, so that these plots weighed less than those 
not fertilized, though earlier in the season they had shown a distinctly stronger 
growth. As there was no way by which the yields could be corrected and as it 
seemed desirable to include the crop in the general average because of its effect 
on the average unfertilized yield it has been so included, although the doing so 
slightly reduces the apparent average effect from the fertilizers. 
Diagram III shows the arrangement of plots and plan of fertilizing one ot 
the sections in this experiment, the three sections being arranged and treated 
alike. Tables VI and VII give the yield per acre for 1911 and for the 18 years, 
1894-1911. 
o:AClRAM III: PLAN OF FER'tlLIZING IN POTATOES-WHEAT-CLOVER ROTATION 
'Pt OTS ( ''""E-TE-{TH ACRE Fert1lizin~t matenals in pounds per acre 
On Potatoes On Wheat 
Piot 
' 
' Acid I Mu~ate Nitrate Acid I :Muriate Dried Nitrate xo. Phosphate potash of Phosphate of blood of soda potash' soda 
I 
1 
2 100 160 
3 100 100 
4 
5 00 50 120 
6 100 80 100 50 120 
fl 100 100 160 100 
9 100 80 100 50 120 
10 
11 160 100 80 100 100 50 120 
12 100 100 100 160 100 50 200 
13 
14 320 200 100 160 100 50 120 
15 480 300 320 
16 
17 .... .... . ... Manure, 4 tons on wheat 
-I 18 Manure, 8 tons on wheat ... .... . ... 
I 19 .... .... .... . ... ... . ... . ... 
I 20 160 100 80 160 100 25 60 
21 Same elements as 20, but nitrogen in oilmel!ol 
I 22 .... .... .... .... . .. . ... . .. 
' 
i 23 Same elements as 20, but nitrogen in dried blood 
24 Same elements as 20, but nitrogen in sulphate ammonia I I 
11=25===========1 
'===2=6========S=a=m=e==el=em==e=n=t=s=a=s=1=1='=b=u=t~p=h=os=p=h=o=ru=s==in==bo=n=e==m=e=a=l======================J 
I 27 Same elements as 11, but pbQsphorus in dissolved bone black 
28 
29 Same elements as 11, but phosphorus in basic slag" 
30 Manure, 8 tons on potatoes 
31 
32 Manure, 16 tons on wheat 
Same elements as 20, but nitrogen in tankage 
~' 34 
---
L 
108 OHIO EXPERIMENT STATION 
CROPS IN 3-YEAR ROTATION OF POTATOES, WHEAT AND CLOVER 
TABLE VI: Yield per acre 1911, and average for 18 years, 1894-1911 
Fertilizing elements for each rotation 
Fertilizing elements Potatoes Wheat Clover I I 
Plot Nitro- l Phos· I Potas· 1911 18-yr. 1911 17-year av. 1911 16-yr. ; Plot 
No. gen I phorus sium Bus. av. Grain Straw Grain Straw av. I No. Lbs. Lbs. Lbs. I actual) Bus. nus. Lbs. Bus. Lbs. Lbs. Lbs. I 
---------
------
-----------,--
1 .. 2il .. 127.00 152.90 29.96 
24&! 30.78 3,180 g.~ 4,3091 1 2 .. 140.00 16fU2 37.37 s:457 36.59 3,832 H~~ 2 3 .. .. I 
83 139.~ 166.06 29 25 ~·~ 32.22 3,031 3;753 3 !l .. .. 129.03 156.83 28.08 30.37 I:S il 706 3;914 4 5 38 2o .. 137.18 161.71 27.21 2'707 30.56 !l'523 &:m 5 6 38 .. 122.06 16'7.34 36.17 N~ 36.48 ,(729 6 7 .. 20 83 126.13 144.37 27.96 28.60 2:817 4534 7 8 as I 150.65 176.87 38.79 3'472 36.61 3 447 4:249 4:1571 8 9 .. 83 16'0.62 162.59 27.75 2'575 34.28 3;2a1 H5  355 9 10 I 38 83 126.38 146.53 25.83 1'950 29 65 H~ a;1a1 10 11 20 153.25 172.44 37.71 3;417 38.58 H~ 11 12 50 20 83 141.12 178.34 37 50 3430 38.32 3:974 4:569 12 
13 50 so 124 140.42 145.92 24.75 2:015 28.89 27>2 4,249 a;9o4 13 14 142.66 179 70 38.29 3,909 38 30 3:973 4,977 4,466 14 
15 50 30 124 149.42 175.97 39.25 ~:m 37.22 3 656 5333 N.~~ 15 16 36 i2 124.75 136 37 24.96 27.62 2:549 (373 16 17 28 129 00 149 43 32 33 32.04 3,152 4,978 4:259 17 
18 
I 
72 2-! 56 134 96 155.66 33.75 2'875 33.26 3.276 g.~ 4 658 18 19 25 zo 83 UJ:8~ I g~:~~ 20.46 1:512 24.73 2,397 3'364 19 20 36.46 3 232 34.79 3,451 4:497 4:211 20 
21 25 20 83 138.58 167.44 32.21 2:727 34.67 3,329 4,320 3,827 21 
22 25 zo 83 114.33 136.02 19.17 ~·1~ 24.28 2,236 3,626 g:lg1 22 23 128.92 163.96 35.08 35.43 3402 ~·= 23 24 25 20 83 128.08 170.34 36 37 3;011 35.57 3'327 24 25 2o 83 103 83 135.27 18.58 1,705 24.88 2'360 3;324 3'407 25 26 38 136.75 165.67 31.12 ~·~ 3554 3'394 4,089 4:181 26 27 38 20 83 134.83 171.]6 33.08 36.99 3'730 4,035 4,010 27 
28 38 2il 83 112.25 138.00 17.25 1:205 :!5.12 2'448 ~·~ 3,542 28 29 133.25 169.78 32.33 2 980 37.34 3'767 4,458 29 
so 72 24 56 147.33 180.99 30.83 2:510 32.52 3'187 5:013 i:m 30 31 144 48 105 83 142.19 17.21 ~:;g 24.93 2' 464 4,213 31 32 112 144.68 185.68 36.33 38.58 3'997 55R2 32 33 25 20 83 125 33 170.56 33.42 38.47 3'574 ,(071 (077 33 
34 .. .. .. 119.92 141.81 20.75 1:515 26.84 2:555 3,466 3,502 34 
---------------------
Average unfertili?.ed yield 120.16 141.94 22.91 1,840 27.03 2 612 3,880 3,678 
TABLE VII. Increase per acre~ and annual average for 18 years, 1894-1911 
Cost of fertilizer for 1 rotation and 18-year average value of increase for each rotation 
Potatoes Wheat Clover Value of 
Plot Cost increase for Plot 1911 18-yr. 1911 17-year av. 15-yr. of one rotatiion 1911 ferti-No, Bus. av. Grain Straw Grain Straw av. lizers No. (actual) _Bus. Bus. Lbs. Bus. Lbs. Lbs. Lbs. Total Net 
----
--------
--------------
2 12.32 12.20 8.04 1,~~ 5.95 716 -344 327 $2.60 $11.66 $9.06 2 3 11.47 10.53 0.54 1. 71 -19 -33 139 5.00 6.11 1.11 3 
5 9.12 9.03 -0.83 363 0.78 299 541 331 7.20 5.58 -1.62 5 
6 -5.04 18.82 8.17 1,137 7.~9 1·3i~ 471 498 9.80 13.67 6.58 6 8 24.44 31 78 11.54 1,rJ 7.66 23 339 7.60 20.84 13.2~ 8 9 34.32 16.78 3.21 4.97 467 6fl9 582 12-20 13.48 1.28 9 
11 24.19 26.11 12.24 Hra 9.18 1085 1,ggA 527 14.80 20.98 6.18 11 12 6.38 32.25 12.39 9.18 1:225 642 19.60 24.04 4.44 12 14 7.46 36.96 13.47 9.84 1 302 687 650 21.00 26.55 5.55 14 
11> 19.45 36.42 14.36 1'592 9.18 1:046 1,001 733 21-00 25.82 4.82 15 
17 4.22 15.26 8.87 '835 5.37 654 789 710 ? 13.89 ? 17 
18 18.66 22.38 11.79 1186 7.56 828 1,~6 1,202 ? 20.&! ? 18 20 14.09 41.28 16.43 1:741 ]0.21 H~~ 842 12.40 29.10 16.70 20 21 25.00 32.09 12 61 1256 10.24 629 454 12.40 23.88 11.48 21 
23 1~.09 28.15 16.11 1:620 10 95 1'126 101 419 12.40 22.82 10.42 23 
24 20.76 3tl37 17.59 1,~si 11.88 t;oos 468 425 12.40 26.36 13.96 24 26 30.11 29.49 12.95 10.57 H~~ 646 729 14.80 24.17 9.37 26 27 25.39 34.09 15.42 1,463 11.95 474 513 14.80 26.56 11.76 Z7 
29 23.14 30.22 15.09 1,666 12.28 1'314 1,013 928 14.80 26.94 12.14 29 
30 39 36 40.19 13.61 i:ift 7.53 '728 978 886 ? 26.37 ? 30 32 34.15 44.21 17.94 11.3';! 1,= 1,618 ~·~A ? 34.40 ? 32 33 10.11 31.17 13.85 . 11.42 356 12.40 25.87 13.47 33 
THE MAINTENANCE OF SOIL FERTILITY 
BARNYARD MANURE TEST 
COMPARISON OF YARD WITH FRESH MANURE 
THE REINFORCEMENT OF MANURE 
This experiment was begun in 1897 for the purpose of comparing manure 
which has lain for some months in an open barnyard with that taken directly 
from the stable to the field, and of studying the effect of treating the manure 
with several absorbent or reinforcing materials. In the earlier years of this 
investigation a lot of manure was taken from the open barnyard, where it had 
been accumulating during the winter, and divided into four parcels. With one 
parcel was mixed Lhe finely ground, phosphatic rock, known as floats, from 
which acid phosphate is made by mixing it with sulphuric acid; with another 
parcel acid phosphate was mixed; with a third, the crude potash salt, known 
as kainit, and with a fourth, land plaster or gypsum; the reinforcing materials 
being used at the uniform rate of 40 pounds per ton of manure. At the same 
time manure taken from box stalls, where it had accumulated under the feet of 
animals kept continuously in their stalls, was divided into similar parcels and 
treated with like quantities ot the same materials. 
After a few weeks the manure thus treated, together with two lots of 
untreated manure, one taken from the yard and one from the stable, was spread 
upon clover sod at the rate of eight tons per acre and plowed under for corn, 
the corn being followed by wheat and clover in a 3-year rotation. During the 
first three seasons soybeans were grown, because of clover failure, and were 
plowed under. 
Because of the uncertainty as to the quantity of fresh manure required to 
produce a ton of yard manure under these conditions the plan was changed in 1903 
and since then a sufficient quantity of fresh manure for the purpose of the experi-
ment is weighed out of the stables in December or January and forked over 
carefully to secure a uniform product. The manure is then divided into five 
equal parcels, four of which are treated as above indicated, and the fifth is left 
untreated. Each parcel is then divided into two equal portions, one of which is 
immediately spread upon the plots receiving "stall manure," while the other s 
placed in a flat, compact pile in an open yard where it remains undisturbed 
until April, when it is spr<tad on the "yard manure" plots, and the whole is 
plowed under at the rate of 8 tons per acre of the original manure. 
Three i racts of land, A, B and C, are included in the test, each crop being 
grown every season. The arrangement of these tracts and the plan of fertilizing 
are sho..vn in Diagram IV, and the results are given in Tables VIII and IX. 
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DIAGRAM IV: ARRANGEMENT OF PLOTS AND PLAN OF FERTILIZING IN 
EXPERIMENTS WITH MANURE 
.... Nothing I .... Nothing .... j 
... Yard manure and gypsum I 
"' 
Yard manure and floats ""' 
s:; Stall manure and gypsum I Stall manure and floats "" 
..... Nothing I ... Nothing ... 
::;: Yard manure, untreated I ... Stall manure, untreated Q 
Yard manure and acid phos. 
"' 
Stall manure ahd acid phos. 
"' 
!:::! Nol;hing Nothing ~ 
... Chemical fertilizer a> Yard manure and kainit ""I 
.... Chemical fertilizer 
"" 
Stall manure and kainit 
"' 
::5 Nothing Nothing .... Q 
..... Nothing 
..... Nothing ..... 
.... Yard manure and ll'YPSUm ~ Yard manure and floats 
"' 
..... Stall manure and gypsum 
"' 
Stall manure and floats 
"" 
:.: Nothing Nothing ... 
..... Yard manure, untreated 
"' 
Yard manure and acid phos. .,. 
.... Stall manure, untreated 
"" 
Stall manure and acid phos. Q 
!:::! Nothing Nothing ~ 
s; Chemical fertilizer Yard manure and kainit a> 
s Chemical fertilizer Stall manure and kainit 
"' 
::5 Nothing .Nothing t; 
..... Nothing .... I Nothing .... 
..... Yard manure and gypsum 
"" 
Yard manure and floats 
"" 
.... Stall manure and gypsum 
"" 
Stall manure and floats 
"" 
:.: Nothing Nothing .... 
5: Yard manure, untreated Yard manure and acid phos. 01 
s Stall manure, untreated Stall manure and acid phos. ., 
.... Nothing ~ Nothing ..... 
1>: Chemical fertilizer Yard manure and kainit 
"" 
S · Chemical fertilizer Stall manure and kainit 
"' 
::5 Nothing Nothing .... Q 
'!'ABLE VIII: BARNYARD MANURE ON CROPS GROWN IN 3-YEAR ROTATION 
Average yield per acre 1911 and 15 years 1897-1911 
~-==---:::::-~.......::::..:.:.~:..;:~-::- ----
lUll 15 ,.,.,".'· 1~!17-1!111 
Plot 
1Y1anure .and treatment 
(' orn. Sec. 11 
~~-ain I Ht:~: I Grain I Straw 
\Vheat, Sec. C I Clover I Corn11 1· cropt.. / \Vi~cat.li-crop ..... \ ll.t~r 
No. 
Bus. Lbb. Hu~. LU~. 
--------------------~----'------- I 
1 None ............................. .. 
2 Yanlmanure nntl floatb- .. - ....... . 
3 Stall manure and floats .. - .......... . 
4 None.......... .. .. ............. . 
5 Yard manure and acid phosphate ... . 
6 Stall n1anure and add pho~phatc . ... . 
7 None . .......................... . 
8 Yard manure and lrainit .. ......... . 
9 Stall manure and kainit. ...••..... 
10 None ................................ .. 
11 None ............................... .. 
12 Yard manure and gyJlsum .. ......... . 
13 Stall tnanure and gypbum ........•... 
14 None ............................... . 
15 Yard 1nannre, 11ntreated .. .......... . 
16 Stalltnanure, untreated ......... ... . 
17 None ................................ .. 
18 Chemical"fertilizert .................. .. 
19 Chemical fertilizert ................. .. 
20 None ................................ .. 
A \~erage unfcrtili?ed yield 
Yield per acre 
55.09 
89 (i5 
9:! 43 
47 o3 
91 49 
90 34 
41.49 
77 20 
7~.74 
fiH W 
53HO 
81.54 
85 89 
50.11 
77.26 
82.51 
63.66 
6!J(i0 
6!J.(i0 
50.00 
3 200 
5:216 
5,120 
H~~ (512 
2,20R 
4,·116 
4 224 
a;oos 
2 7R4 
4:06·1 
4,000 
2,688 
3,968 
4,000 
2,976 
~·~~~ 
2:528 
52 66 I 2,774 
8 07 
]f) 117 
21 73 
6.07 
21.20 
23.UO 
5.13 
14.40 
HH 
3 93 
12 10 
23 b7 
25 40 
9.00 
21.60 
22 fiO 
8.13 
18.13 
10.00 
7.07 
7.47 
7R() 
1,7~4 
1,704 
31<8 
1,672 
2 'i~6 
1 232 1'2~8 
'484 
1 OH4 
2)04 
2,§~ 
H~~ 
'632 
1,~1g 
728 
~P<~. A 
Lb,, 
3 740 
5)76 
5 2:l3 
4'124 
5'276 
5' 47ti 
·1' IH2 
4'6(11 (mH 
3 5HH 
5·1g~ 
5:auo 
435~ 
5:290 
~·~~g 
4'792 
5'362 
(038 
~-~ 
oo.m 
ill~ Mm 
ill ill 
MW 
00~ 
55.M 
00.~ 
~-M 
~-~ 
oo.m 
mM 
MM 
m53 
5010 
~-~ ~07 
~~ 
~00 
2 aoo 
3'427 
a:nliH 
~·~3~ 
a:518 
~J.g~~ 
• , ... Do 
~·35~ 
z;asz 
3,418 
3,51i4 
N§~ 
a'am 
2'373 
z:n77 
2514 
z;o17 
* Excluding crop of 1909, which was so injured by grub worms that no cmnparison is possible. 
t Acid phosphate. 80 lbs.; muriate of potash, 80 lbs.: nitrate of soda, 160 lbs. 
<: Ackl pho~phate, 80 lbs.; muriate ol potash,lO lbs,; tankage(7-30), 100 lbs. 
(.;.r.tin 
Hu-... 
12.58 
21.9-1 
26 50 
10 H9 
25 72 
2li 51 
9R5 
21.31 
22 89 
10.36 1a ~o 
2-J.:JR 
24 1!1 
lO.uO 
20 ~0 
21.70 
10 H5 
l1.B5 
15.20 
10.·10 
11 crop ... 
Straw 
Lh~. I Lhs, 
1,516 
2 fi!l5 
2:H7t) 
l 2h3 
2'737 
2''11H 
I;lm.; 
2,3fl3 
N~~ 
(!i72 
2 712 
2'tm 
1'223 
2)~2 
N~~ 
1:711 
l,H04 
1,303 
2.!111 
4 2Hl 
·1:H21 
2 :n5 (16il 
4 ~~u 
'l''l(ll 
3:5:!0 
4 2HO ~:1~H 
a 1K2 
3:H25 
3 hH7 
:!'mit 
3':!ti3 
'·t'935 
2'fjfl9 
:<Hili 
z.~~z 
'"'•' a 
Plot 
No. 
1 
2 
a 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
lH 
19 
20 
t-3 
IIl 
ttl 
\.-) 
:;; 
.... 
z 
t-3 
ttl 
~ 
> z 
0 
ttl 
0 
"':1 
fJJ 
0 
..... 
t"' 
~ 
~ 
t-3 
1-1 
t< 
.... 
t-3 
~ 
1:! 
.... 
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TABLE IX:BARNY ARD MANURE ON CROPS GROWN IN 3-YEAR ROTATION 
Average annual increase and its value (excluding corn crop of 1909) 
No. 
I A'era~e annual increase per acrt:: I Co<;tof I _Value of 
------ mcrease * I Corn 14 crop' \'heat 14 crou-; [ H treat- 1 
---c---·- ay ment T~tal ·Net per :IIanure and Treatment 
Plot I 
I Grain II Sto,·cr Grain I Stra\\ Ill crop' per lpe:acre[ ton of I b fo. c.ne I 
-----------~~ Lbs. Bus. ~ __::__:_ _:~.'::.Jotation ~ 
2 ,Yard manure and floats ..... [ 25.02[ 1,209 12.89 11 ,~f,•. 1,578 $1.40 i $29.69 $3.54 3 ,stall manure and floats ...... i BO 77 1,5.Ji 1 H.B7 ,o.o ~.:Jll 1.40 i 37 .:J4 I 4.49 
5 Yard manure and acid phos. I 30.66 I 1,320 15.10 l ,4~2 ! 1,853 2 40 1 35.21 I 4 10 
6 1stall manure and acid pho'-134 531 1,538 16.31 1,692 I 2,5~3 2.40 I 40.95 [ 4.82 
9 Stall manure and kainit..... 1,5H 12.71 1,4o4 1;853 2.70 32.37 1 :J.7l 
8 IYard manure and kainit..... 222,·.:,•331 1,251 11.29 1,175[ l 156 2.70 26.19 i 2.93 
12 Yard manure and gypsum.... 23.61 I 1,146 11.66 1 190 916 1.00 25.35 [i 3.04 
13 Stall manure and g,;-p>um... 27.62 1 1,402 12.52 1;304 1,251 1.00 20 48 3.56 
lR 61 793 9.49 965 801 .. .. 2~:391 2.55 15 Yard manure untreated ... . 
23.57 1,103 I 1o.ss 1,m 1,395 .. .. 26 48 1 3.31 
s 47 m .
1 
4.18 393 480 J 7.45 9 651 .. 9.6~ 358 , 4.62 493 I 665 2.3o 11 26 .... 
16 Stall manure untreated ..... .. 
18 Chemical fertilizer' 
19 Chemical fertilizer• . .. . ...... 
'Acid phosphate, 80 lbs: muriate of potash, 80 Ibs: nitrate of ;oda, 160 lbs. 
2Acid phosphate, 80 ll": muriate of pota>h, 10 lbo; tankage, l7-~0J 1UO lbs. 
*See page 105lor valuations. 
In all these experiments the increase has been computed on the assumption 
that changes in the natural fertility of the soil are likely to be progressive; 
that is, that if the yields of Plots 1 and 4, unfertilized, were 30 and 33 bushels, 
respectively, those of Plots 2 and 3 would probably have been 31 and 32 bushels, 
had no fertilizers been applied. As a rule the outcome of the work has justified 
this assumption, but in the manure test the yields of Plots 1 and 11, Section C, 
have been so much larger than those of the other unfertilized plots of the series 
that the question has been raised whether these plots (which are continuous) 
may·not have been located on a strip of land-such as an old fence row-which 
has not been so depleted of its fertility under previous management as that 
covered by the adjoining plots. 
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In Table X the average total yields obtained on the plots treated with 
floats and acid phosphate are arranged by sections: 
TABLE X: Average total yields in plots treated with floats and acid phosphate, 
arranged by sections 
Yard m;l..ntlre Stall manure 
Crop and section* With With acid With With acid 
floats phosphate t1oats phosphate 
Corn, bus: A 54.85 50.99 57 83 58.21 
B 7!.93 74.33 i6 00 74.65 
c 54.39 58.31 58.04 62.52 
Wheat, bus: A 22.05 23.22 29.89 24.95 
B 30.47 3l.FO 31.5:3 29.67 
c 23 H 23.35 24.07 2b.64 
Hay, lbs: A 4,751 4,373 5,255 4,995 
B 3,720 3,636 4,030 4,007 
c 4,437 4,321 5,312 5,703 
• The differences in yield of the different sections are chiefly due to seasonal differencest :..10t to 
variation of soil. 
In 10 of the 18 comparisons given in Table X the total yields on the plots 
treated with acid phosphate have exceeded those on the plots treated with floats. 
The general average of all the sections is shown below: 
AVERAGE TOTAL YIELD PER ACRE 
Corn Wheat Hay 
Bus. Bus. Lbs. 
Yard manure and floats ... ... ... 60. iS 24.94 4 291 
Yard manure and ac1d ph~sp.hate .... 
········ 
61.94 
I 
25.72 (163 
Stall manure and floats .......... .. .. 6-1 ~9 26.50 4,825 
Stall manure and acid phosphate .. : .. : . 
····· 
63.u2 26.54 4,829 
I 
-----------
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LIME AND :<L0ATS TEST 
This experimemt was begun in 1905 i11 a 3-year rotation of corn, oats and 
elm-er, for the purpose of comparing the effect of uifferent forms of lime and of 
obtaining further experience in the use of untreated phosphate rock. 
The land had been under the regular rotat: 1 e cropping of the farm since 
its occupation by the Station, and for a considerable period befJre, and was in 
good condition. Twelve tons of manure per acre had been pbwed under for 
corn in 1904. Three sections of :26 plot,; each are includeu in the test, the plots 
containing one-twentieth acre each. 
For the crops of 1905 Section A (north end) was manured at the rate of 6 
tons per acre only, because of the recent application above mentioned, limed 
and fertilized and planted in corn. Section B was sown to soybeans instead of 
clover, the beans to be followed by rye in the fall and corn in 1906. Section C 
(south end) was limed and fertilized without manure and sown to oats and 
clover. Thenceforth the manure, lime and fertilizers ha\-e all been applied to 
the corn crops, the manure being plowed under and the lime and fertilizers 
applied on the surface. The oats and clover recei 1 e no treatment. 
The clover seeding failed in 1906, 1908 and 1909, an<l soybeans were grown 
instead and harvested as hay. As the soybean suffers less from lack of lime 
than clover the result has been a smaller apparent effect from the lime than 
might otherwise have been found. 
The plan of treatment and average results of the work for the first seven 
years are given in Table XI. 
The 7-year average yield of the unmanured and unfertilized land in this 
experiment has been 58 bushels of corn, 48 bushels of oats and 2}'3 tons of hay per 
acre. Over such yields the increase from tr«atment would be expected to be rela-
tively small. It appears, however, that the further applications of manure are 
being made with profit, and that the supplementing of manure with lime is further 
increasing the yield. "When preceded by manure, ground limestone on Plot 6 
is apparently producing a greater total and net gain than an equivalent 
quantity of caustic lime on Plot 3 or of hydrated lime on Plot 8. When used in 
the absence of manure, however, caustic lime is followed by a larger tot,1.l and 
net gain on Plot 14 than ground limestone on Plot 15. 
While the yield on the land receiving 1000 pounds of floats, applied to the 
surface after the manure has been plowed under, is greater than that on the land 
similarly treated with gypsum, in neither case is the effect at all comparable 
with that observed in the barnyard manure test, pre~iously reported, in which 
one-third this quantity of these materials is mixed with the manure before 
application. Nor is the effect on clover of either floats or gypsum equal to that 
of lime or ground limestone. 
When used in the absence of manure as a direct application to the land, 320 
pounds of floats has produced a much smaller net gain than the same quantity 
of acid phosphate costing twice as much, as shown in the triplicate comparison 
of Plots 17 and 18, 20 and 23, and 21 and 24. 
So far, therefore, as the results of this experiment may be accepted, they 
support other experiments of this Station in showing that ground limestone 
should be used only as a supplement to liberal manuring or fertilizing, and 
floats only as a reinforcement of manure, and that neither should be regarded 
as a substitute for manure or fertilizers. 
TABLE XI: CROPS GROWN IN 3-YEAR ROTATION UNDER TREATMENT WITH MANURE, LIME AND FLOATS 
Average yield and increase for 7 years, 1905-1911 inclusive 
.--==-=:--- ..:::=------=:::;::::::_-=:::::--:::..==-__::--::::..=..---==-.::..~--=:::::..:=: --_-_ --
Plot 
No. 
Tn•atmcnt 
(Lime, mauurc, etc .• per acre, applied 
to corn only) 
Yit•1d por acre 
Cont, 7 yearb J Oat~. 7. years 
Grain I Stover I Grain I Straw 
llu~. Lbs. Hu~. Lb~. 
Hay 
6 yr~. 
Lbs. 
: 1---·---·---·---·---
1 None ................................... .. 
2 Caustic lime, 000 lbs.; manure, 8 ton~ .... . 
3 Caustic lime, 1,000 lbs.; manure, B tons .. . 
4 None ..................................... . 
5 Caustic lime, 2 000 lb«.; manure 8 tons ... . 
6 Ground limestone,17tl0lbs.;manure, Btons 
7 None ..................................... . 
8 Air "laked lime, 1,7110 lbs.; manure, 8 tons 
9 Hydrated lime, 1,320 lbs.; manure, 8 tons. 
10 None .................................... .. 
11 Gypsum, 1,000 lbs.; manure, 8 ton.s ...... .. 
12 Floats, 1,000 lbs.; manure, 8 tons ....... .. 
13 None .................................... . 
14 Caustic lime, 1,000 1'>« .................... . 
lii Ground limestone, 1,7tl0 lbs ............... . 
16 None .................................... . 
17 { Caustic lime, 1,000 Jbs.; acid phos., 320 I lbs.; muriate potash, 40 lb .............. r 
18 j Caustic lime, 1,000 lbs.; floats, 320 lbs.; } 
l muriate potash, 40 lbs... .. .. .. .. . .. .. 
19 None ................................... .. 
20 Acid phosphate, 320 lbs. .................. . 
21 Acid phos., 3t0 lbs.; mur. of potash, 40 lbs. 
22 None ..................................... . 
23 Floats, 820 lbs ............................ . 
24 Floats, 320 lbs.; muriate of potash, 40 ibs. 
25 None .................................... . 
26 Manure, 8 tons since 1909* ............... .. 
~~ 
nn 
NOO 
~m 
m.u 
~.99 
~~ 
~w 
woo 
0000 WM 
n.n 
~.33 
63.M 
oo.m 
00.~ 
D~ 
wm 
M.M 
00~ 
oom 
~~ 
oo.m 
ru~ 
oo.~ 
~~ 
8,111 
3,751 
3 1!29 
a:217 
4,014 
3,906 
~·~~~ 
(009 
Hfo 
3'703 
8:016 
3,514 
3,140 
3,080 
3,766 
4,703 
g.~g 
3,617 
g.~~ 
3)31 
2 909 3:a2o 
~00 
M.~ M-« 
~­M.OO 
00.00 
~~ 
MU 
00~ 
0.~ 
M.U 
oo.m 
4~M 
~m 
fl~ 
AM 
~m 
oo.m 
~00 
•n OO.M fl.W 
~-~ o.~ 
~~ 
AU 
2,513 
~·gg~ 
2'3.'13 
2:757 
~·~~ 
2'&! 
2'802 
2'186 
2:424 
2,5q1 
2,059 
2,241 
2 046 
2:010 
2,225 
2,106 
H~R 
2:207 
1,996 
2,011 
1,962 
1,9o0 
2,0!3 
~·~ 
5'581 
4'902 
6'153 
5'8o2 
5'110 
5'902 
5:792 
4 7!!3 4'8R~ 
o:lU7 
4465 
4'1l80 
4'61i5 
4:3•3 
5,378 
5,889 
4,621 
4,9.->7 
5,h9 
4.~ 
4,609 
H~ 
4:570 
Incn·J.~•· J.Wr acre 
Com Oats Jl.ty 
Grain I Stover 
Hus. Lb~. 
' j'j yr~. Grain I Rtraw Lh~. 
Jim, Lhl>, 
~~ 
15.~ 
i~-~ 
~00 
i~:~ 
14~ 
11 07 
12.7'2 
"6'48 
3.76 
15.34 
12 26 
"7:ii; 
10.73 
":i:ii 
7.04 
'6:44 
606 
647 
785 
004 
797 
8\16 
535 
613 
6::ia 
5-21 
5"32 
5.88 
iJ:iiT 
7.16 
6"54 
7 74 
457 1 i:ii 
71 -0 66 
00 
577 
2i>i 
535 
"iii; 
~6 
4ii 
uo 
2.21 
o:9o 
2.96 
i:09 
0.66 
2:2i 
"229 
21!0 
"439 
410 
"677 
581 
280 
440 
"i98 
20 
195 
57 
""33 
186 
.. ao 
-3 
""63 
"655 
714 
q~ 
"iuii 
901 
"2ii 
536 
"456 
21!1 
913 
811 
"296 
457 
"35 
-61 
'ilii 
Total Co-.t of Net Gain 
value lime gain or IJ\"1' 
of in- and fer- 1(1'.~ ( --) ton of 
crca!re titizer& ]lcr acn.• manun• 
$io:6ol $i · oo 
11.!!3 3.00 
~:~ 
moo 
~~ 
m.m 
~~ 
ro~ 
6.00 
2.70 
~jiJ 
400 
3.00 
4.50 
~:~ 
8.!!3 
i~ 
rooo 
j~ 
~n 
j"~ 
6D 
~:ii 
2.00 
3.oo 1 2"75 
2 70 -0.15 
12.35 6.60 
9 73 5.45 
·4:-74 2:oo 
7 .9'J 3.00 
"L82 i"45 
3.37 2.45 
·4:16 s:Hii 
5.75 
4.28 
2.14 
4~ 
o:a7 
0.92 
o:lii 
$i:iil 
110 
i:os 
136 
o:si 
1.15 
O!ili 
0.80 
--1 1---·---·---J ---·---11---1---1---1---1---.. ---·---·---· ---
Average unfertilized yield ~.55 I a,uo I 47.96 I 2,1oo I 4,673 
Previously, floats, 320 lbs.; muriate potash, 40 lbs.; dried blood, 100 lbs. 
:;-
l'lot 
No. 
1 
2 
3 
1 
5 
6 
7 
8 
9 
lU 
11 
D 
m 
H 
m 
ffi 
n 
w 
w 
~ 
m 
~ 
~ 
u 
~ 
~ 
8 
Ill 
trJ 
v 
> 
.... 
~ 
8 
trJ 
~ 
~ 
0 
trJ 
:) 
':tJ 
r/l 
0 
.... 
t' 
':tJ 
trJ 
::a 
8 
8 
.... 
:1 
~ 
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